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Introduction
The study of competition is hampered by the scarcity of appropriate data and, in particular, by the lack of good indicators for the competitive environment that have wide coverage. Researchers and policy-makers, for instance in antitrust authorities, usually rely on traditional measures like the price cost-margin (PCM) to assess the competition levels in industries.
However, theoretical research raises doubts on the robustness of PCM. Amir (2003) , Bulow and Klemperer (1999) , Rosenthal (1980) , and Stiglitz (1989) show that there are theoretically possible scenarios in which PCM increases with more intense competition. However, the practical importance of these counterexamples is still unknown. Despite these drawbacks, the PCM is still a popular measure in empirical research (see, for example, Pruteanu-Podpiera et al., 2007; Maudos and Fernandez de Guevara, 2006; Aghion et al., 2005; Nevo, 2001; Klette, 1999) . Boone (2008a) extends the existing set of competition measures by suggesting an indicator that relies on Relative Profit Differences (RPD). This approach is based on the notion that competition rewards efficiency. In industries with increasing competition inefficiently operating firms are punished more harshly than more efficient ones. Hereby, efficiency is defined as the possibility to produce the same output with lower costs or, rather, lower marginal costs. Thus, comparing the relative profits between some arbitrarily efficient firm and a firm with greater efficiency contains information about the level of competition within that industry. The more competitive the market is, the stronger is the proposed relationship between efficiency differences and performance differences. Two properties make the so called Boone-Indicator (BI) appealing: First, it has a robust theoretical foundation as a measure of competition, meaning that it depicts the level of competition correctly both when competition becomes more intense through more aggressive interaction between firms and when entry barriers are reduced. Second, it has the same data requirements as the PCM.
The goal of this paper is to evaluate the empirical robustness of the Boone-Indicator using a newly constructed data set for German manufacturing enterprises. We proceed in three steps: First, we present the established parametric approach of estimating the BI. Second, we calculate the RPDs, as theoretically defined, using real world data and propose an augmented indicator correcting for firm size. Finally we use cartel cases as natural experiments to evaluate the performance of the Boone-Indicator and compare it to the traditional PCM measure. The intuitive idea behind the cartel cases as a natural experiment is that we expect fiercer competition in the aftermath of its uncovering. This should be observed in our data and affect the competition measures.
The empirical literature on the effects of efficiency on firm performance and the positive impact of competition on efficiency somewhat supports the assumed cohesion between efficiency, firm performance, and competition needed for the Boone-Indicator. One of the earliest studies examining the influence of competition on productivity is Nickell (1996) . Using firm level data from EXSTAT, he finds evidence that higher competition leads to higher productivity. A number of papers try to identify the effect of competition on wage levels (Nickell, 1999) or innovative activity by firms (e.g., Porter, 1990; Geroski, 1995; Nickell, 1996; Blundell et al., 1999) .
Despite theoretical robustness few studies apply the Boone-Indicator to real world data to date. The only paper published in a refereed journal, to our knowledge, is Bikker and Leuvensteijn (2008) . Using data for the Dutch life insurance market, they calculate the BooneIndicator using three different approximations of the marginal costs: average variable costs, defined as management costs as a share of the total premium; marginal costs derived from a translog costs function; and scale adjusted marginal cost. Using a least-square dummy variable approach, they regress these variables first one by one on logarithmized relative profits, then, in a second step, on the market share of insurance companies as an outcome variable.
Their results point to a weak competition in the Dutch life insurance industry when compared to other industries. However, the robustness of their results is unclear.
Additionally, the Boone-Indicator is used in a number of reports and discussion papers. Griffith et al. (2005) investigate the empirical usefulness of a slightly modified BI based on relative profits. Using data from the annual report and accounts filed by firms listed on the London Stock Exchange over the period 1986-1999, they compare the relative profit measure with the PCM and the Herfindahl index. Their main results show a positive correlation between the new measure and PCM but no correlation with Herfindahl, which raises questions about the usefulness of the Herfindahl index as a measure of competition. Furthermore, they provide evidence that the relative profit measure is less affected by cyclical changes than the PCM. However, they can not derive recommendations on which might be the "correct" measure of competition because "without a prior information about the 'true' degree of competition … it is difficult to say whether the relative profit measure is empirically better than the price-cost-margin" (Griffith et al. 2005: 14) . Creusen et al. (2006) We organize this paper as follows: In Section 2 we present the Boone-Indicator and compare its theoretical robustness to the traditional PCM measure. In Section 3 we list the relevant cartel cases in the power cable sector, the cement sector, and the ready mix concrete sector. In Section 4 we give a detailed description of the dataset and present first descriptive statistics. In Section 5 we discuss the Boone-Indicator and propose a modification to control for firm size and present the main results of our analysis. Finally, in the last section we collect the main findings and conclude the paper.
Measuring Competition
A common competition measure is the Lerner-Index or Price Cost Margin (PCM). It is based in neoclassic theory where under perfect competition prices   p equal marginal costs   c .
Hence, the PCM, calculated as   i i p c p  i , takes values greater than zero if competition is not perfect and firms are able to enforce prices above marginal costs. As competition becomes fiercer PCM approaches zero. To evaluate competition on markets or in industries, the industry PCM is calculated as a simple or weighted mean of individual PCMs. The latter is usually derived by calculating it with firm market shares. This ensures that the market power of big firms is adequately captured. The common interpretation is as with firm individual PCM. It decreases with fiercer competition and increases with weaker competition.
However, it is not a robust competition measure. Amir (2003) shows that, under certain conditions, an increase in competition through an increase in the number of firms in a market can result in an increasing average PCM. Given certain circumstances Stiglitz (1989) shows that profits per unit sales can rise in a recession. Thus, even though competition among firms increases during recessions, industry PCM also increases. Another potential source of error can be the reallocation effect. As a result of fiercer competition, the market share of the more efficient firms increases while that for less efficient firms decrease. Thus, the weighted average PCM can increase if the increase in the market share of the more efficient firms overcompensates the decrease of the respective individual PCMs. Therefore, the Lerner-Index is, at least theoretically, potentially misleading.
Against this background and the fact that the interpretation of popular concentration indices like Herfindahl is also not straightforward in terms of competition, Boone (2008a) proposes a new competition measure. Termed Relative Profit Differences (RPD), its main idea is that competition rewards efficiency. To get the measure working, Boone postulates some assumptions of which the most important ones are outlined here. First, firms under consideration act in a market with relatively homogeneous goods. Secondly, we assume symmetry. Hence, firms act on a level playing field that ensures that changes in competition affect firms directly and not indirectly through changes in that playing field. It also implies that "…firm i's profits are the same as firm j's profits would be if firm j was in firm i's situation." (Athey/Schmutzler 2001: 5) . Thus, within the theoretical framework of the indicator, this implies equal profit level for two equally efficient companies. Thirdly, we are able to rank firms with respect to their efficiency   i n . Thereby the efficiency index   N needs to be one dimensional to ensure transitivity. Given that the production costs are captured by   , C q n with as output quantity, the relationship between efficiency and cost is assumed to be:
The proposition of the first two quotients on the left-hand side is clear-cut. The first states that firms have positive marginal costs. The second quotients defines that costs are lower the more efficient firms are. Finally, the quotient at the right-hand side states that marginal costs are lower for more efficient firms. Given these assumptions, firms play a two stage game. In the first stage, they decide whether or not to enter. This is determined by the entry costs and the expected profit. Only firms enter that are able to recoup entry costs. In the second stage, the remaining firms simultaneously choose their actions to maximize profits. This gives a subgame equilibrium for each competitive state. Given these conditions, while an increase in competition can decrease the output of firms, this decrease will be smaller for more efficient firms. As a result the market share for the more efficient firms increases while that for the less efficient firms shrinks. Hence, competition rewards efficient firms. Given these setting, the RPD is calculated as a quotient of profit level differences:
with n n n and as firms profit
Increasing competition raises this measure for any three firms with n n . As Boone (2008a) proves, his measure of competition is robust to distortions out of the reallocation effect. The following example will illustrate how the reallocation effect works and how it affects both RPD and PCM. We have a simple linear demand function, three firms with constant marginal costs and no entry costs.
As shown in Table 1 Boone (2008a) , is to plot the RPDs.
Using a firm's normalized efficiency for the x-coordinates gives a function that is always bounded at one on both axes. 
Cartel Cases
In order to evaluate the robustness of the Boone-Indicator we use a natural experiment of three major cartel cases in different sectors. A cartel is defined as an explicit contractual agreement between legally independent companies in order to restrict competition and increase profits. Such contracts define the prices, quantities, markets, etc., for each participating firm. Further the contracts also implement a system of sanctions to ensure that deviant behavior by cartel members is properly punished. Sometimes establishing a cartel includes the formation of an organization that coordinates and monitors participating firms.
In addition to explicit cartels, there is also collusive behavior. This is characterized by the absence of contractual agreements or any form of record. Instead it often relies on informal and mostly oral agreements. Although it has the same objective as a cartel, it usually cannot restrict competition as effectively since firms have incentives to deviate from the collusion strategy and the sanction mechanism is missing. 6 However, since this way of restraining competition is hard to detect we only focus on cartels.
For the purpose of our analysis cartels have to meet three criteria. Firstly, the cartel must be nationwide. This ensures that it was able to restrict competition all over Germany.
Second, it must have been a cartel case of significant size. Hence, the cartel actually must have gained a significant control over the national market. Both criteria ensure that the effect can be found in the data. We take the size of the cartel fine as a proxy for the level of the distortion of competition. Finally, the product of a cartel should be as homogenous as possible, leaving as little room for product diversification and, thusly, price discrimination.
When such cartels are uncovered and terminated, we expect fiercer competition in subsequent periods. This assumption does not imply that competition changes to perfect competition, nor does it neglect the possibility of future informal oral agreements by the involved companies. However, as previously noted, collusive behavior is less effective than explicit cartels. Moreover, it would not be rational to take the risk of an explicit cartel in the first place 6 However, there are of course gaming strategies which lead to similar results, given certain well specified condition. See for instance Bester (2004) .
if collusion could restrict competition at the same extent from the very beginning. Therefore we impose the weak assumption that competition is significantly higher in the aftermath of a legal cartel case compared to the cartel period.
Power cable cartel
The first cartel that appears to be suitable for our analysis is the cartel of German power cable producers. It was constructed as a price-and quota-cartel, where producers agreed not only on global market shares but also on shares for every big customer within a precisely defined period and on the respective price range. In order to govern the cartel the "Elektro-Treuhand GmbH" (ETG) was founded as a joint venture of all involved producers. The mechanism worked in the following way: Every customer query was reported to the ETG. Since ETG also did the cartel accounting, it knew which firms already were at quota during any given time period, and which were not. They passed price-and discount-information to the companies involved to ensure that in the following negotiations those companies scheduled to get the job succeeded at the defined price. The cartel controlled the entire power cable market for several decades. (Fleischhauer, 1997 ; Drucksache 14/1139).
The cartel ended in September 1996 in a nationwide search and seizure by the Federal Cartel Office. By the end of 1997 the cartel office had charged 16 companies, two cable industry organizations and 28 individuals with a fine of 280 million Deutsch Mark (143 million Euros) in total, the largest fine in German history at that time. All companies, except one, accepted the fine and thus acknowledged having participated in an illegal cartel in order to avoid competition. The organizational structure of the cartel was terminated, including the closure of the ETG and the two cable industry organizations (Drucksache 14/1139).
Cement cartel
The second cartel in our analysis is the German cement cartel. It was created in the aftermath of the German unification in the early 1990s as a price-, quota-and regional cartel covering the entire German market for cement including importation (Pressemitteilung 19/09). All major players and also medium sized producers took part in the cartel. Due to the physical properties of cement, which leads to excessively high transport costs over 300 kilometers, the market for cement is regional. However, all players agreed on a nationwide organization of regional cartels with explicit organizations for each regional market. The German market was divided into an east, west, north and south submarkets. At this level the organizational structure varied. However, in each submarket contractual agreements were made (VI-2a Kart 2 -6/08 OWi). The nationwide monitoring was done by the umbrella association of the German cement producers ("Bundesverband der Deutschen Zementindustrie e.V."). In the event that cement was delivered outside a firm's home market, compensatory payments were arranged during ad hoc meetings held in Munich, the so-called "Money-Karussell" (money-carousel). 
Ready-mix concrete cartel
The last cartel case used in this study is that of the ready-mixed concrete industry. This was actually not one cartel but many regional cartels. This is because the physical properties of ready-mixed concrete limits transport time to roughly 60 minutes after a truck is filled. These three cartels meet our defined analysis needs. Each was large enough to influence competition at the national level and included all major suppliers and producers while producing homogenous goods. All three cartels had illegal organizational structures and formal cartel agreements needed to coordinate participating firms. Hence, it is expected that collusion without such a structure is not as effective. Therefore, we expect fiercer competition without such an organizational structure. Finally, all were heavily fined due to the extent of the distorted competition.
Data
The data is taken from the German Cost Structure Census (Kostenstrukturerhebung) and the German Production Census (Produktionserhebung). Each dataset was gathered and complied by the German Statistical Office (Statistisches Bundesamt) over the period [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] . Plant level data is merged to firm level data using a common identifier. The strength of the dataset is its sample coverage and reliability of information. It covers almost all large German manufacturing firms with 500 or more employees over the entire time span. Firms with fewer than 500 employees are included as a random subsample that is designed to be representative for the small firm segment as a whole in every industry. 8 Only firms with 20 or more employees are covered.
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The Cost Structure Census contains information on several input categories, namely payroll, employer contributions to the social security system, fringe benefits, expenditures for material inputs, self-provided equipment, goods for resale, energy costs, external wage-work, external maintenance and repair, tax depreciation of fixed assets, subsidies, rents and leases, insurance costs, sales tax, other taxes and public fees, interest on external capital as well as "other" costs such as license fees, bank charges and postage, or expenses. All previously mentioned studies followed Boone (2008a) and analyzed the competition based on three digit sector classification. With our rich dataset we are able to focus on a four digit sector and goods classifications, defining the respective markets even more detailed than any previous analysis. As discussed above, these are the power cable sector (WZ 3130), the cement sector (WZ 2651) and the ready-mix concrete sector (WZ 2663). Each of these sectors is characterized by a relatively homogeneous good. In order to guarantee relatively comparable companies, we only look at companies which have at least 75 percent of their overall turnover in one of these sectors. All other companies are dropped.
The sample contains a number of observations with extreme values that proved to impact the calculation of the PCM and the estimation of the Boone-Indicator. Therefore, we exclude observations from the analysis for which the cost for a certain input category in relation to gross value added fall in the upper or lower one percentile of the sample per year.
According to Boone, we calculate profit by subtracting variable costs from revenue.
Hereby, we define revenue as revenue out of self produced goods. Hence, it does not include revenues out of other activities like renting or trading operations. The variable costs contain 'consumption of raw materials', 'energy', 'gross wages', 'legal and additional social insurance contributions', 'costs for contract workers' and 'costs of repairs'. Following Boone (2008a) we calculate two different measures for efficiency, i) average variable costs, which we define as total variable costs per sales and ii) labor productivity, defined as gross value 8 Samples are drawn in 1995, 1997, 1999 and 2003. 9 In some particular industries, even firms with less than 20 employees are included as a random draw. 10 For more information about the Cost Structure Census surveys in Germany, we refer the reader to Fritsch et al. (2004). added per employee. Additionally we also use sales per employee as a third measure for efficiency. Descriptive statistics for the variables are presented in Table 3 .
Empirical Investigation
We present our analysis in three steps. First, we present the parametric approach to apply Boone's idea and discuss its main drawbacks. In a second step we apply the Boone-Indicator as theoretically defined on real data. We discuss its drawbacks and propose an augmented indicator correcting for firm size. Finally, we use the above described cartel cases as natural experiments to test for the empirical applicability of the Boone-Indicators and compare its performance with that of the traditional PCM.
Discussion and Modification of the Boone-Indicator
Before the indicators are tested using the cartel cases, we briefly discuss the applicability of the indicator on real word data. Griffith et al. (2005) was the first to propose a regression of average variable costs on logarithmized profits. This is based on the idea behind the BooneIndicator that the more efficient a company becomes the greater the profit should be, ceterus paribus. Since marginal costs are unobservable, average variable costs (AVC), defined as total variable costs divided by sales, are taken as a crude proxy for marginal costs. They are also used to assess firm efficiency. The estimated beta-coefficient measures the profit elasticity of the respective firms. More precisely, "…it measures the percentage decrease (increase) in firm i's profit if its variable costs (i.e. marginal costs relative to price) increase (decrease) by one percentage point." (Griffith et al. 2005: 6) . Since the relationship between profits and average variable costs must be negative, the estimated coefficient needs to be negative. As competition intensifies, the slope of the regression should become even more steeply negative, following the idea that inefficient firms are punished more harshly by fiercer competition.
Although we will calculate RPDs, we also adopt this approach for comparative purpose. However, we follow Creusen et al. (2006) However, measuring competition this way can cause the usual problems for regression analysis. The problems are well known and therefore we just want to mention one problem directly related to the desired analysis. One task in that analysis is the definition of markets.
The more precisely we can capture a market, the less other factors or markets influence the outcome and the better the subsequent competition estimates should be. On the other hand, the more precisely we size a market, the fewer observations we will have. Moreover, markets with few players are of special interest for competition analysis, but fewer observations decrease stability of regressions. An outlier can have a significant impact on the slope and the significance of the coefficient (Urban and Myerl 2008) .
A second problem is related to firm size. As long as we operate under the model's assumptions, the most efficient firm must become the biggest firm in terms of market share and consequently, due to its efficiency level, it also must make the greatest profit. With respect to linear regression analysis we must consider that in reality big firms are not necessarily the most efficient ones and thus, it is possible to find a nonnegative beta-coefficient.
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In addition to the regression analysis that is usually used to apply the Boone idea on real data, this paper tries to estimate the RPDs. Initially we assess the efficiency of firms in a one-dimensional and transitive way. The RPDs are located between roughly 30 and -1, while we should see a scatter plot within the boundaries of zero and one. We do have the most efficient firm located at the coordinate (1,1) as it should be. However that firm has a profit below many of its competitors and it follows . Thus, the RPD can take values above one for less effi-
That both, size and few observations can have an impact is not just a theoretical problem as the results of Griffith et al. (2005) show. 12 In this example the efficiency is defined by average variable costs. However, we can show further examples with labour productivity.
cient firms. At the same time we have a least efficient firm, which has a profit above that of other firms, resulting in negative numerators for these observations.
< insert Figure 2 about here >
This happens due to firm size. Obviously in the real world there are firms that are really efficient, no matter of how efficiency is captured, but they can be small, at least at certain point in time. On the other hand, large companies may not be as efficient, but because of the larger size, the firms make larger profits. To overcome this problem the RPD must be calculated taking firm size into account. This can be done by means of number of employees or sales. However, applying workforce to normalize profits does not give a good fit. We still have RPDs significantly below zero and above one (Table 2) , regardless of the efficiency index used. This might be caused by a weakness of the data set. It lacks information about the number of temporary workers and for how long they stayed in the company, but we know through a costs category that some firms used temporary workers. This biases the profits for the respective firms as well as the efficiency if labour productivity and sales per employee is applied. Therefore we do not use workforce in the calculation of the efficiency or to normalize profits. Instead, in the subsequent analysis profits will by normalized by sales, which is turnover out of the core business without trading or other activities. Thus, the RPD is calculated as:
n sales n sales RPD n n sales n sales
For the efficiency index we apply the average variable costs. In order to estimate the area under each curve we use the Data Envelopment Analysis (DEA). It is a nonparametric method that envelops the scatter plot at its outer boundary. We abstain from presenting the method here and refer the interested reader to Canter et al. (2007) for a concise introduction and to Simar and Wilson (2005) for a detailed discussion. Given the estimated curve we are able to derive the corresponding area by integration.
Results
Given the above defined RPD we proceed with testing the validity of the Boone-Indicator using the cartel cases. For this end we estimate the PCM of each firm as proposed by Boone (2008a) , and aggregate them into yearly industry PCMs using market share as the weight. The market share is derived as the share of the firm sales on industry sales in a year. Further, we estimate the BI as beta coefficients of the above outlined regression approach (afterwards also called parametric indicator). Finally, we calculate the modified RPDs and the respective areas as discussed above (also called nonparametric indicator). The change in competition is measured by subtracting the respective indicator in the base period from itself in the reference period. Regardless of the indicator under consideration, a positive result shows an increase in competition between the periods. A negative result on the other hand indicates decreasing competitive pressure over time.
We used Welch's t-test for evaluating the significance of changes in PCM since it accounts for unequal variances in two samples. The same test is applied when comparing the beta coefficients. However, the test can only be applied if both of the beta coefficients are significant on there own. Otherwise, we depict just the difference labelling it as not significant.
Since the level of competition by means of RPDs is measured as area, tests based on means and variances can not be applied. Therefore, the significance of differences between the areas is calculated applying the nonparametric Wilcoxon rank-sum test on the underlying RPDs.
Given the estimates and tests, we can use the cartel events to derive the validity of the indicators. As discussed in section 3 we expect fiercer competition in the aftermath of the uncovering of a cartel. Hence, we look at the estimated changes in competition after such an event compared to periods before the event. When possible, we look at the three years after and the three years before the cartel case. The year of the event is not taken into consideration, because the effect on the competition level in that year is not straightforward since we only have annual data. The relevant biannual differences are presented in Table 4 to Table 6 .
The first cartel we take a look at is the cable cartel. The cartel was uncovered in 1996.
Due to time limitations in our dataset we can only compare the changes in competition between 1995 and 1997 to 1999. Looking at the Lerner Index (Table 6 ), in all of the respective biannual comparisons we see positive differences where two out of three of these differences are significant. Thus, the PCMs indicate the expected increase in competition. The nonparametric measure (Table 5 ) also indicates fiercer competition in the years 1997 to 1999 compared to 1995, although just one of the differences is significant. The differences in elasticities (Table 4) on the other hand are positive and negative, thus signalling decrease and increase in competition after the cartel was terminated. However, the betas are not significantly different. This is caused by the fact that the beta coefficient in 1995 is not significant at a 10 percent level. Even if we ignore this fact and test for significant differences in betas, we find all changes to be significant, not only the positive difference. Thus with respect to the aim of this paper we must state that PCM and the nonparametric indicator behaved as expected, indicating fiercer competition in the aftermath of the termination of a cartel. In contrast, the parametric indicator did not behave as expected.
Looking at the cement cartel, we find similar results as for the cable cartel. As discussed above, the cartel was uncovered in 2002, thus, we evaluate the changes in competition of the period 1999 to 2001 against 2005 to 2006. 13 Again, the weighted PCMs signal fiercer competition after the event, where all results are significant. Yet, it is now the parametric indicator signaling fiercer competition without exception and with all changes significant. To a certain degree the area changes also indicate fiercer competition. Unfortunately none of the changes are significant. Thus, although we only find positive values indicating fiercer competition, with the absence of significance we must record that the nonparametric indicator shows no change in competition after the cement cartel was terminated.
Finally we look at the ready-mixed concrete cartels, where the first one was uncovered in 1999 while the last one stopped its activity in 2001 as discussed before. We therefore define the period 1996 to 1998 as base period and 2002 to 2004 as reference period. As presented in Table 6 , the PCMs differences again show the expected sign and are all significant.
The parametric indicator on the other hand is pointing to the opposite direction. All differences are negative and at least two are significant. If we overlook the insignificants of the 2003 and 2004 betas and test for differences, six out of nine negative differences would be significant. The parametric indicator actually suggests weaker competition in the aftermath of the termination of the ready-mixed concrete cartels. The nonparametric indicator is not performing better. Although seven out of nine biannual comparisons are positive, pointing toward fiercer competition, two are negative and no change is found to be significant. Figure 3 about here > Figure 3 summarizes the main findings, depicting the direction of changes in competition with and without taking the significance of the changes into account. Here it is especially interesting that the parametric Boone measure points just once in the expected direction, regardless of significance. The nonparametric indicator, on the other hand, fails just once if we ignore significance. Indeed, if we look closely at that unexpected outcome we find seven biannual differences out of nine signalling fiercer competition, thus pointing into the expected direction.
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Conclusion
Using a rich newly built data set for German manufacturing enterprises, we test the empirical validity of the Boone-Indicator. This is a new competition measure that, from its theoretical properties, proved to be more robust than the Lerner-Index (also called PCM). The proof of its empirical practicability and robustness is missing, however. This paper aims to shed light on that question. To this end we use large cartel cases as events to compare the indicated competition levels before and after a cartel was uncovered and stopped operating. Since all of the chosen cartels significantly restricted market competition, we expected fiercer competition in the aftermath of the debunking of a cartel.
In the actual analysis we compare the performance of three competition measures. The first is the Lerner-Index as a classical measure of competition. The second is the BooneIndicator calculated as beta coefficient of a log-log regression, as proposed by Boone et al. (2007) and various other authors. Finally the Boone-Indicator derived by means of Relative Profit Differences (RPD) is calculated using real data for the first time.
Our analysis reveals that the latter cannot be applied to real data as theoretically defined. This is because the relationship between the efficiency of a firm and its profit level is not as designed in Boone's theoretical framework, where the most efficient company is always, by design, the biggest firm in terms of market share. Our results suggest that this relationship does not hold in reality. Therefore we propose a way to account for firm size in the calculation of RPDs.
With respect to the performance of the indicator in the face of uncovered cartels we note that the Lerner-Index performed as expected. In every case it indicated fiercer competition in the aftermath of a cartel case with almost all biannual comparison to be significant. Hence, although not theoretically robust, in this analysis it proved its empirical usefulness.
This we cannot state for the two Boone-Indicators, in particular the regression approach. Regardless of whether or not we account for the significance of changes and betas, the indicator just once indicates fiercer competition. This supports our doubts regarding this approach. The Boone-Indicator based on RPDs also does not perform as well as the Lerner-Index. This is mainly because the changes are often not significant. Leaving significance aside, the BooneIndicator by means of RPD and taking firm size into account perform almost as well as PCM.
Based on our findings we conclude that the Boone-Indicator, although theoretically superior, is, at least at this stage, not an empirically robust indicator. The Lerner-Index on the other hand indicates changes in competition as expected. However, the results of the RPD To overcome the problem that appears if the least efficient firm is assessed, which means dividing by zero, we calculate inverse RPDs, hence:
. The normalized efficiency is calculated as:
with n n n     15 The efficiency was measured by average variable costs. Note: *** 1% significance level, ** 5% significance level, * 10% significance level
